Abstract -Aims: The aim of the study was to assess whether alcohol-related mortality data in the UK should be extended to include contributory as well as underlying cause of death. Methods: A total of 101,320 deaths registered in Northern Ireland between 2001 and 2007 were analysed to determine the quantity and characteristics of those with an underlying or contributory alcohol-related cause of death. Results: Alcohol was found to be an underlying cause of death in 1690 cases (1.7% of deaths) and a contributory cause in a further 1105 cases. Analyses show that the addition of alcohol-related contributory causes of deaths would increase the male-female ratio, result in steeper socio-economic gradients and amplify the apparent rate of increase of alcohol-related deaths. The significant contribution of alcohol to external causes of death, such as accidents and suicide, is also more evident. Conclusions: Using only underlying cause of death undoubtedly underestimates the burden of alcohol-related harm and may provide an inaccurate picture of those most likely to suffer from an alcohol-related death, especially among younger men.
INTRODUCTION
Excess alcohol consumption is the fifth leading risk factor for chronic disease in the world, contributing to 3.5% of the global burden of disease (Lopez et al., 2006) , with the effects predominating in high-income countries, such as the UK. Alcohol consumption in the UK has more than doubled since 1950, with the greatest increases observed since the early 1990s (Tighe, 2007) . While there is some evidence to suggest that there has been a decline, on average, in the prevalence of drinking over the past couple of years, notable increases have been observed among females, middle aged and older groups and in children (Smith and Foxcroft, 2009 ). Increases in alcohol consumption have been accompanied by an increase in alcohol-related hospital admissions (The NHS Information Centre for Health and Social Care, 2008) and alcohol-related deaths (Breakwell et al., 2004) . Excess alcohol consumption and its negative effects are not evenly distributed across the population but predominate in certain groups including males (Smith and Foxcroft, 2009; McDonald et al., 2009) and in those living in deprived circumstances (Mäkelä, 1999; Blomgren et al., 2004; Breakwell et al., 2004) .
While excess alcohol consumption is a recognized problem in society, it is not clear how best to measure its health effects. Although surveys have been widely used to assess the extent and distribution of problem drinking, they have recognized shortcomings. Response rates are generally in the region of 60% (Midanik, 1982) , and people with significant alcohol-related problems are over-represented among the non-responders (Leifman, 2002) . It is also accepted that responders, either as a result of social desirability response bias (Babor and del Boca, 1992) or recall bias (Heeb and Gmel, 2005) , under-report consumption. A more fundamental problem is that surveys, at best, only measure the patterns of current heavy drinking, but not the consequences. Drinking habits may be modified before there is any long-term damage, or alternatively those with alcohol-related problems may reduce or cease drinking altogether, with the result that surveys of current alcohol consumption would underestimate the association between alcohol consumption and various health-related problems.
Alcohol-related mortality, though capturing only the most extreme effects of alcohol consumption, provides a robust assessment of its consequences. Information on cause of death in the UK can be obtained from the death certificate, with most death certificates completed by doctors according to a standardized World Health Organisation protocol, with a small percentage being completed by coroners. Information on cause of death on the death certificate is usually divided into two parts: part one lists the condition(s) that lead directly to death (underlying cause), while part two includes conditions that contributed to, but did not directly cause, death (contributory cause).
The method used to quantify alcohol-related mortality differs across countries. The current approach in the UK is to use a limited selection of causes of death that are firmly associated with alcohol. This approach excludes causes of death known to have some aetiological association with alcohol (including cancer of the mouth and oesophagus) and many 'external causes' such as road traffic accidents (RTA), homicide and suicide where alcohol may have played a significant contributory role. The reasoning behind this approach is that whilst a limited list of conditions, where the link between alcohol consumption and cause of death is firmly established, may under-represent the true burden, it will at least be consistent across countries and over time (Breakwell et al., 2004) . Quantifying the contribution that alcohol plays in other causes of death is more difficult and the list broadens as epidemiological knowledge increases. Also, in the UK the convention is to apply the limited list of conditions only when they are recorded as the underlying cause of death but not when they are recorded as a contributory cause; the rationale being that this makes temporal and regional comparisons more consistent. However, studies in other countries have included conditions recorded as both the underlying and contributory cause of death when examining the extent of alcohol-related harm (Mäkelä et al., 1997a,b; Romelsjö et al., 1993; Blomgren et al., 2004) .
The aim of the study presented in this paper is to assess whether alcohol-related mortality data in the UK should be extended to include conditions recorded as contributory causes of death. This will be done by examining whether the extent of alcohol-related mortality and the characteristics of those dying from alcohol-related causes differ significantly when contributory causes are also included.
MATERIALS AND METHODS
The study is based on a secondary analysis of all recorded deaths in Northern Ireland between 2001 and 2007 using only International Classification of Diseases (ICD)-10 coding to circumvent the known problems associated with marrying ICD-9 and ICD-10 codes (Baker and Rooney, 2003) . Characteristics of the deceased, including their age, sex and year the death was registered, and underlying and contributory cause of death were derived from the death certificate.
An alcohol-related cause of death was defined as one with one of the following ICD-10 codes: F10 (mental and behavioural disorders due to use of alcohol), G31.2 (degeneration of nervous system due to alcohol), G62.1 (alcohol polyneuropathy), I42.6 (alcoholic cardiomyopathy), K29.2 (alcoholic gastritis), K70 (alcoholic liver disease), K73 (chronic hepatitis, not elsewhere classified), K74 (fibrosis and cirrhosis of liver excluding K74.3-K74.5 (biliary cirrhosis)), K86.0 (alcohol-induced chronic pancreatitis), X45 (accidental poisoning by and exposure to alcohol), X65 (intentional self-poisoning by and exposure to alcohol) and Y15 (poisoning by and exposure to alcohol, undetermined intent). For the purposes of this analysis, deaths due to alcohol-related causes were analysed separately depending on whether the alcohol-related cause appeared as the underlying cause of death or as a contributory cause. Where several contributory causes were alcohol-related, only the first was used in the analysis.
As excess alcohol consumption and associated alcoholrelated problems are known to be more common in particular area types (Breakwell et al., 2004; Blomgren et al., 2004) , the postcode of residence was used to ascribe the relative affluence and urban/rural composition of the census super-output area (average population 1915) in which the deceased lived. Relative affluence was based on the percentage of the population in a super-output area living in a household in receipt of meanstested social security benefits (Northern Ireland Statistics and Research Agency, 2005) . Super-output areas were then ranked by their relative affluence and divided into quintiles so as to produce approximately equal proportions of the population in each quintile. The degree of rurality was based on settlement size (Inter-Departmental Urban-Rural Definition Group, 2005) and divided into three bands: urban (population size >75,000), intermediate (population size between 2250 and 75,000) and rural (population size <2250).
The analysis is presented in two stages: a description of the distribution of alcohol-related deaths and a multivariate logistic regression analysis of the socio-demographic and area characteristics of those dying from an alcohol-related cause, assessed separately depending on whether alcohol was the underlying cause of death or a contributory cause. The reader should note that the analyses presented generally relate to the proportion of alcohol-related deaths, which is not the risk of dying from an alcohol-related cause; for example, it is possible for the proportionate mortality to decline as the risk of dying from other causes increases, though the absolute risk remains the same. 
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RESULTS
Of the 101,320 deaths registered in Northern Ireland (2001) (2002) (2003) (2004) (2005) (2006) (2007) alcohol was the underlying cause in 1690 cases (1.7%) and a contributory cause in another 1105, bringing the combined prevalence to 2.3%. Including contributory causes would have increased the number of alcohol-related deaths by 72.1% for males and 51.2% for females. The proportion of deaths related to alcohol increased over the 7-year period from 1.4% in 2001 to 1.9% in 2007 for underlying causes only, and from 2.2% to 3.3% for underlying and contributory causes combined. Alcohol-related deaths occur at relatively young ages. While 72% of deaths occurred to people aged 70 or over, the majority of alcohol-related deaths occurred between the ages of 40 and 60, accounting for ∼15% of male and 10% of female deaths in this age group (Fig. 1) . Alcohol-related contributory deaths had essentially the same age distribution as alcohol-related underlying causes; though in men, its addition produced a greater increase in the proportion of deaths between the ages of 15 and 25.
In 707 (64%) records where alcohol appeared as contributory but not underlying cause, the contributory cause was ICD-10 F10 (mental and behavioural disorders due to alcohol), a further 148 (13%) had alcoholic liver disease and 178 (16%) had alcoholic fibrosis and cirrhosis of the liver. Mental and behavioural disorders were much more likely to appear as a contributory cause, accounting for 528 of 1690 (31%) underlying causes and 707 of 1105 (64%) of the contributory causes. In almost two-thirds (63%) of death records with alcohol-related mental and behavioural disorders as a contributory cause, the underlying cause of death was an accident or suicide. Alcohol-related poisoning, whether accidental, intentional or of undetermined intent, was mentioned as an underlying cause of death in only 13 cases but appeared as a contributory cause of death in a further 56 cases, of which the underlying cause of death was an accident (22 cases) or suicide (34 cases). The contribution of alcohol to the major causes of death varies depending on whether underlying or contributory alcoholrelated causes are included (Table 1) . Cancer, cardiovascular and respiratory disease accounted for approximately threequarters of all deaths, and by definition, the current classification of alcohol-related ICD codes (focusing on alcohol as an underlying cause of death) excludes most of these deaths, the exception being I42.5 (alcoholic cardiomyopathy). Alcohol appears to be related to <1% of these deaths, even with the inclusion of deaths where alcohol-related appears as a contributory cause. However, the role of alcohol in deaths due to external causes (such as falls, RTA and suicide) is much more apparent and especially so when contributory causes are included. This is most noticeable for deaths from external causes in people aged <70 when alcohol is mentioned as either the underlying or contributory cause in 14% of cases. Table 2 presents the results of the logistic regression analyses showing the demographic and area-level characteristics of those who died from an alcohol-related cause. The results for separate regression models are included representing the three ways to define an alcohol-related death, (i) for underlying only, (ii) for contributory only and (iii) with alcoholrelated cause mentioned anywhere on the death certificate (that is, as either underlying or contributory cause). In each analysis, the comparator is all deaths where alcohol is not mentioned as either underlying or contributory cause.
Compared to those dying from other causes, deaths with an alcohol-related underlying cause were more common among males, with peak incidence among those aged between 35 and 50 years of age. These alcohol-related deaths were twice as likely to occur in urban areas as in rural areas, and in deprived areas compared to more affluent areas. The characteristics of cases with alcohol-related mentioned only as a contributory cause were different to those with alcohol mentioned as an underlying cause only. These deaths were twice as likely in men as in women and the greater proportion of deaths at ages <35 were evident. Compared to underlying causes, records with a contributory only cause demonstrate a slightly steeper gradient with area indicators of deprivation but a more muted difference between urban and rural areas. All things considered, deaths with contributory only causes increased at ∼10% per year which was twice as fast as deaths with an underlying cause. The final column in Table 2 shows the characteristics of those with an alcohol-related cause anywhere on the death certificate; the odds ratios are closer to those of the underlying causes because of their slightly greater number of events.
DISCUSSION
This study adds to the growing body of literature that demonstrates how estimates of the size of the alcohol-related problem in society and the characteristics of those most affected by alcohol are influenced by the method used to quantify alcohol-related mortality. Extending the current definition of alcohol-related mortality in the UK to include cases where alcohol is mentioned as a contributory cause, as well as cases where alcohol is the underlying cause of death, would increase by almost 70% the proportion of deaths attributed to alcohol, as well as resulting in an increased male-female ratio, steeper socio-economic gradients and an increase in the apparent growth rate of alcohol-related deaths over time. The significant contribution of alcohol to external causes of death, such as accidents and suicide, is also more evident with the inclusion of contributory causes of death. The question then remains if the current practice in the UK of only including underlying causes of death in the estimate of alcoholrelated mortality should be maintained or should the definition be extended to also include alcohol-related contributory cases.
Assessing the health-related harm associated with alcohol consumption is difficult and no single indicator will be sensitive enough to provide an adequate description of the breadth of the problem and sufficiently specific to provide reliable comparisons between and within countries over time. Although some countries have incorporated morbidity data from hospital records, most rely on mortality data alone, though there is no consensus on how this should be done. Many have favoured the use of applying attributable risks to the current patterns of alcohol consumption as this gives a better estimate of the overall distribution and burden of alcohol-related mortality. However, knowledge of how alcohol consumption contributes to disease causation is constantly being updated and the methodology relies on a range of assumptions, including, for example, that it is reasonable to apply to local populations the results of studies conducted in different populations, that the attributable fractions do not vary by age and that population surveys reflect true patterns of alcohol consumption (Sjögren et al., 2000) . However, the use of attributable fractions gives varying results for the effect of alcohol on overall mortality across countries, which may be due to the cardioprotective effects of alcohol allied to different levels of underlying heart disease, though other factors such as patterns of alcohol consumption and beverage preferences are also thought to be important (Britton et al., 2003) . In some countries, such as Sweden and England and Wales, it is estimated that alcohol consumption marginally reduces overall mortality (Sjögren et al., 2000; Britton and McPherson, 2001) ; however, as the benefits in terms of lower risk of heart disease associated with moderate alcohol intake mainly affect older people, this has less effect on overall life expectancy (Mäkelä et al., 1997b) or on years of life lost (Rehm et al., 2006) . In other countries with lower levels of ischaemic heart disease (IHD) such as Australia, the detrimental effects of alcohol consumption were more significant than its cardioprotective effects (English et al., 1995) .
Using a highly selective collection of causes of death where the relationship to alcohol is certain clearly underestimates the number of deaths attributable to alcohol but may provide a reasonable barometer of alcohol-related harm if the list of conditions does not change and this continues to reflect the same proportion and distribution of alcohol-related harm. This has probably been a reasonable assumption in the past but may not be so now. It could be argued that use of underlying causes reflects predominantly the effects of long-term excessive alcohol consumption and is less representative of the acute effects of excess alcohol consumption. Analysis of drinking patterns in England and Wales shows that the most marked increases in alcohol-related deaths were seen at the younger ages (Baker and Rooney, 2003) , which probably reflects the increasing prevalence of binge drinking among certain groups of younger people (Smith and Foxcroft, 2009) . If this pattern of drinking translates to increased deaths due to accidents, violence and suicide, it may seem less apparent using only underlying cause of death.
However, a fundamental concern with contributory causes is the extent to which they are the product of variations and changes in coding practices among those filling in death certificates. While doctors are obliged to be as comprehensive as possible when completing the death certificate, there is undoubtedly some variation in the assiduousness with which contributory causes are recorded. It is therefore possible that some of the more frequent mention of alcohol under contributory causes is due to an increased propensity or willingness for alcohol-related causes to be included on death certificates. There is some support for this in the current study which showed a doubling of the proportion of death certificates with RTA as the underlying cause of death and an alcohol-related contributory cause, during a time when, according to police statistics, the proportion of RTA due to alcohol was steady or falling (Police Service of Northern Ireland, 2008) . It is also possible that coding practices are responsible for part of the urban-rural differences in alcohol-related deaths where there may be a tendency to downgrade the role of alcohol to a contributory cause in rural areas, where there may be a closer relationship between the person responsible for completing the death certificate and the deceased's family.
CONCLUSIONS
In summary, there is no consistent approach to how mortality data should be used to assess the effects of excess alcohol consumption. In terms of monitoring the effects of alcohol consumption and comparing between countries, there is probably insufficient reason to change the current UK approach of relying on underlying cause alone. However, as both the contributory causes and calculations based on attributable fractions present important and different facets of information, perhaps there is merit in presenting all three estimates as is done in Scotland (Information Services Division, 2009).
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